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THE GREAT 
UNFINISHED PROBLEMS OF THE UNIVERSE, 


WITH THE MOTIONS OF TIYE SUN AND THE PLANETS THROUGII SPACE, 
AND THE DETERMINATION OF THE CENTER OF THE 
STELLAR UNIVERSE, 


A Lecture ddivered Saturday Evening, January 29th, 1859, at the Academy 
of Musie, New York, by Prof. O. M. Mitchell, of Cincinnati, for his own 
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enefit, upon an invitation of the audience giveh on the occasion of the con- 


clusi m of his Course of Five Popular Lectures on Astronomy. 


Previous to the Lecture, a series of Resolutions, with reference to the erection of 
an Astronomical Observatory in the Central Park in the City of New York, was 
offered by Prof. Loomis, and seconded in an eloquent speech by Prof. Davies, in 
the course of which a high tribute of praise was paid to Prof Mrrenerr. The Reso- 
{utions were unanimously adopted. Prof. MirciieLt was then introduced by the 
Hon. Luther Bradish, and sfioke as follows : 


I know not bow to answer in fitting terms the greeting of this 


vight. The honorable.and flattering allusion which has been made 


to me by my old precepter and personal friend I can not respond 
to. His feelings of kindness and affection for an old pupil have 
earried him far beyond the just limits which should have restrained 
his remarks. I appreciate his motives, but I aspire not to the 
high eminence upon which, in the kindness of his heart, he has 


sought to place me. 

I have been called hither by the invitation of a number of personal 
friends and strangers to speak in behalf ef Science. I came humbly 
at the call, and was told that I was to address a multitude in this 


vast building; but had I knewn the responsibility which has been 


imposed upon me, 1 am confident I could not have mustered the 
courage necessary to have passed the thousand miles of interval 
which separates your city from my home, I am happy, however, 


that Iam here. Notwithstanding stormy and tempestuous wea- 
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ther, I have been greeted night after night by your kind faces, 
until I have learned to feel that, in some sense at least, you are all 
my personal friends. I have further evidence of this friendship in 
the fact that you are here again to-night, at the termination of a 
long and perhaps tedious course of lectures, and I thank you one 
and all from the very depths of my heart for this manifestation of 
your good-will. 

If I have succeeded in contributing in the slightest degree to the 
advancement of that great movement which has been auspiciously 
inaugurated to-night, I shall esteem it the proudest effort of my 
life; and if some biographical sketch shall ever mark to poste~ity 
the fact that I ever lived, upon the page that contains the record, 
I would point my children to that paragraph which says, “ Your 
father was in the outset connected with this grand enterprise” —an 
enterprise which I trust is to eventuate in the erection. of the 
noblest and proudest structure that has ever been reared upon the 
surface of the globe to the science of the stars. (Applduse.) 

Permit me, as a stranger, to say a word or two with reference 
to this movement. 

It is utterly useless, Mr. President and Gentlemen of the Com- 
mittee, for you or for the great city of New York to attempt any- 
thing less than the erection of the noblest Observatory in the 
world. I do not believe that the people of this city would be sat- 
isfied with anything less; and you have the power, you have the 
means, you have the ambition, you have the skill, to accomplish 
whatever you resolve to do. 

When I stood, some fourteen years ago, in my own little city be- 
fore a multitude like the one which I now have the honor of ad- 
dressing, and there for the first time lifted my voice in behalf of 
the erection of a noble structure, whose chief ornament should be 
one of the grandest instruments that science and skill has ever 
produced, I ventured to make an appeal of this kind: The Old 
World looks with comparative contempt upon the profound igno- 
rance and inertness of the New. © They point to us and say, Yon- 
der is activity, and strength, and power, and vigor, but it is all put 
forth to grasp the almighty dollar. And when I stood before that 
great assemblage and said, Let us rescue our country from the stain 
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that is thus resting upon it—let us show to the crowned heads of 
Europe that free, independent, republican America can take the 
lead even in Science itself, the response to my appeal afforded the 
most gratifying evidence that in the end this grand object would 
be accomplished. What is the result? A short time after the 
commencement of the undertaking—and at that day there was 
scarcely an Observatory in our country—I visited Europe. I went 
to Munich, the great center for the construction of these mighty 
instruments, and there I stood in the presence of the successors of 
old Fraunhofer and Utzschneider. I said to them, .‘‘ Your predeces- 
sors sold to the Emperor of Russia the great Equatorial Refractor.” 
* And why? Simply because they desired that their skill and handi- 
work, displayed in this masterpiece, should fall into the hands 
of some profound astronomer, and thus give them a world-wide 
reputation. ‘Sell to me,” said I, ‘‘ poor simple republican that I 
am—and yet one of the nobles of our land—this mighty refractor, 

equal to almost any other in the world, at cost, in like manner, 

and I will guarantee that in the next ten years you will get more 
orders from the United States than all the other countries of the 
world together.” They would not make the sale on these terms, 

and yet during that time they have received more orders fronr this 
country than from all others, and we have built more Observatories 

and erected more magnificent instruments than all the world be- 

sides. Now, our scientifjc men stand on the same. high platform 

with those of Europe. They hail us as brothers in this grand and 

noble crusade against the stars. We are moving on together—a 

solid phalanx; the watch-towers are rising all over the earth, and 

the grand cry is, Onward! It is echoed from Observatory to Ob- 

servatory. The sentinel is everywhere posted, and do you not 

mean to post one on your rocky heights? (Applause.) I know 

you do. 

I come now to the discussion of the subject appropriated to this 
closing lecture; and in doing so, I can not sever this one from the 
others, but must regard myself as addressing the same audience, 
and this lecture as a continuation simply of those which have 
already preceded it. 

I am to speak of the Unfinished Problems of the Universe. 
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This would seem to imply that there are some which are finished ; 
but I know of none such absolutely. I believe that we are now 
permitted to announce that the great law of universal gravitation 
reigns throughout our solar system with absolute command and 
power. I believe that we can, almost with certainty, announce 
that its dominion reaches to the fixed stars; and when this is 
uttered, I think that I have told you all the problems that are fin- 


- ished in the astronomical world. 


When we come to the examination of our own system, when we 
come to inquire whether we have determined the actual and posi- 
tive movements of the sun, whether we have reached to the pre- 
cise and critical knowledge of the movements of any planet, 
whether we are able to predict with absolute precision the place 
of any one of these revolving worlds, I answer, it has not been 
done. 

All we have accomplished is an approximation to perfection. 
We are moving on from year to year, and every year increases the 
perfection with which we are enabled to trace out the movements 
of these wandering worlds. 

Let me exemplify this matter by reference to one single phenom- 
enon. About two hundred years ago, one of those who devoted 
themselves to the examination of the revolving worlds—one of the 
followers of old Copernicus—thought he had sufficiently examined 
the movements of Mercury to predict the fact that it would cross 
the dise of the sun, and be seen upon the solar surface as a dark, 


‘round spot. His computations, however, were such that he felt 


he must give himself a limit of about five days. Think of it—a 
limit of five days! 

Now, as the planet occupies but a few hours in crossing the dise 
of the sun, if within this time it should happen that the transit 
should occur in the night, the astronomer would of course lose the 
opportunity of verifying his prediction. He watched, therefore, 
during these days with an intensity which you can scarcely com- 
prehend; and at last his eye was greeted, and his heart gladdened, 
by finding the planet, true to his prediction, upon the disc of the 


sun. 
But another period of eighty or ninety years in the history of 
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Science rolls away. The astronomers of Paris are all deeply inter- 
ested and excited with the approach of another of these transits 
of Mercury. Their computations were such that they believed 
they could rely upon them within—not five days—but five hours 
of the time. The sun was to rise with Mercury upon his «disc. 
The morning arrived, and, armed with their telescopes, they were 
waiting to verify théir computations; but the clouds intervened 
between them and the sun, and when he rose he was utterly and 
absolutely invisible. They waited and watched, hoping the clouds 
would break away and give them the long-coveted opportunity 
of verifying their computations; but the limit of time rolled away, 
and the clouds did not disappear. At length, one after another 
becoming weary with the watch, yielded up in despair, left his 
post, and entirely abandoned the observation. But one more doubt- 
ful of the computation than the others watched on. At last there 
came a little rift in the clouds. Through that chasm he hurriedly 
sent out his telescopic ray, and there, on the rim of the sun, clung 
the round, black disc of Mercury, telling him precisely within what 
limit of time their computations were in error, 

Five hours was the limit required at that time. We come down 
to a later period. The Observatory of which I have had the honor 
of the direction, so far as the building, and the mounting of a 
single instrument were concerned, was completed in 1845. 

In May’ of that year it was announced that Mercury would 
again cross the disc of the sun. It was the first observation I ever 
attempted to make. I had computed with all the delicacy in my 
power the exact moment when the dark planet would touch the 
brilliant rim of the sun. I had gone yet further, and computed 
the exact point on the tremendous circumference of-the sun where 
the contact would take place—for remember, the power of this 
telescope is so great, that the sun swells out with such tremendous 
magnitude, as to literally and absolutely cover the whole heav- 
ens from horizon to horizon, could it all be taken into thé field 
of vision at one view. The point of contact was brought within 
the field of vision of the telescope. The eventful day arrived, and 
the sun rose bright and glorious. Not a cloud stained the deep 
blue of the heavens. As the hours rolled by, and the time 
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approached, there I was, with feelings such as you can not con- 
ceive, understand, or comprehend. My assistants were around me, 
ready with their chronomoters to mark the moment of contact. I 
hoped and believed that our tables and computations were so accu- 
rate that five minutes of time would be a sufficient limit, and five 
minutes before the appointed time I took my place at the great 
telescope. There I waited and waited, until it seemed as if an age 
had gone. ‘ I called out, “Surely the time is passed—what of the 
time?” “Only a single minute!” Second by second, only a 
minute had rolled away. It seemed as though hours had been 
sweeping slowly by. Again I took my watch and waited, until 
again it seemed as though an age had passed. “Surely,” said I, 
“the time is gone.” ‘No—another minute yet.” At last I 
caught the black disc of the planet just impinging upon the bright 
rim of the sun—in the limits of a minute? No; but within siz- 
teen seconds of the computed time! (Applause.) 

You see, then, the possibility of advancement. This was not my 


- work, but it was the work of another—Le Verrier. Le Verrier had 


taken up the movements of the planet Mercury, and with a power 
and precision of investigation never surpassed had corrected the 
previous tables, and reduced the theory within- such limits that it 
had now become possible to.make these delicate predictions. Do 
not imagine, however, that after your great Observatory shall have 
been erected, there is nothing to do. There is everything yet to 
do. Reduce these sixteen seconds down to the tenth part of a 
second of time. Cut it down, and when you have cut down all 
other errors in like manner and proportion, you will be able to fix 
the longitude and latitude of your ship at sea, bearing your mer- 
chandise and precious freight to all the markets of the habitable 
globe, and they will wing their way over the trackless deep in per- 
fect and absolute safety. 

I will now direct your attention to the subject specifically as- 
signed for this evening—the great problem of the movement of the 
Stellar Universe. In the course of my preceding lectures I have 
already given you some idea of the train of investigation which 
has led astronomers to adopt the theory that our solar system is 
sweeping with tremendous velocity through space, and moving at 
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such rate that it passes over one hundred and fifty-four millions of 
miles every year. 

Up to the present time no one has ventured to say what the 
character of this motion is. We are moving toward a certain 
point, and that point is only approximately known. Are we movy- 
ing in some mighty curve? Are we moving in some vast circle? 
Are we sweeping in some tremendous ellipse? or are we moving 
in a simple right line toward the point whither the sun is urging 
his flight? Ifthe sun is indeed moving in any vast circumference, 
s0 soon as We can determine the fact, and get a portion of its 
mighty curve, so soon as we can get a portion sufficient to deter- 
mine the plane in which it lies, then somewhere in that plane, 
in the depths of space, will be found the mighty center about which 
the sun and solar system are revolving. 

Up to this time, however, we have no knowledge on tlle subject. 
All we ean say is this, that if this (illustrating) be the direction in 
which the sun is moving, and perpendicular to this line we describe 
a plane entirely around the heavens, cutting from the solar sphere 
a circle, somewhere in that mighty circle will be found the center 
about which the sun is revolving. 

Within a comparatively short time the attention of astronomers 
bas been directed to an investigation with which this is specifically 
combined,‘and it is nothing more nor less than this grand ques- 
tion: Is there, in the whole starry heavens by which we are sur- 
rounded, any great central body, any mighty controlling orb, 
which holds a proportion to the bodies by which it is surrounded, 
such as our central sun holds to the planets which sweep around it? 
Looking at our own system, and supposing this was by possibility 
a sort of picture hung up in the heavens on a miniature scale, in 
order that there might be realized in the starry firmament with 
which we are ailied another mightier system, of which all the 
stars should constitute the sweeping planets, and in the center of 
the whole some grand controlling orb, magnificent in its propor- 
tions, grand in the quantity of matter which it contains, vast in its 
outline and circumference, and sufficient to hold these mighty 
worlds and to produce harmonious and perfect movement through- 
out the Stellar Universe—is there such an orb existing in space? 
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I answer, there is not. Why? Because we are enabled by the 
telescope to penetrate space in every possible direction. Ah! 
—you may answer—but you can only bring into your telescope 
the light that comes from luminous bodies, and if this vast central 
orb is non-luminous, your telescope fails, and you can accomplish 
nothing; and when you state that such a body does not exist, you 
state what you do not know. 

There is another method by which we may acquire a knowledge 
of the facts in this case. If it is true that this mighty orb exists in 
space somewhere, surrounded by all these glittering stars, even if 
it be opaque, and sends to us no light, if it has the attractive power 
which belongs to our own sun, and if it be energized by this 
mighty power of universal gravitation which holds these starry 
worlds in its grasp, then we are enabled by means of the telescope 
to detect that fact, because in the immediate vicinity of this een- 
tral body the stars will sweep more rapidly under its gigantie power 
then those at a greater and still greater distance—just as the plan- 
ets nearest to our sun revolve with greater velocity than those 
which are more remote. 

‘ Now we have examined the whole starry heavens, we have 
mapped out these heavens, and located these stars. We know 
where they were at the beginning of this century ; we know where 
they are now. We know the amount of change which has taken 
plaee, and in case there was one region in which stars are more 
rapidly moving than in another, we have a sufficient knowledge 
of the heavens to detect this point in space. We are therefore en- 
abled to pronounce that such a mighty eentral orb does not exist 
anywhere throughout the Universe of fixed stars with which we 
are allied. 

There being no such body, you may of course conclude that there 
can be no revolution around a center. That does not follow. Let 
me tell you why. 

A few years only have passed away since an astronomer com- 
menced the examination of what is called “double stars.” Sir 
William Herschel is again the pioneer in this field of investigation, 
and he tells us that when he began he gathered from all the cata- 
logues of which he had any knowledge a list of all the “double 
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stars” then known. I think the list consisted of about five. Since 
that time it has been increasing with tremendous rapidity. He 
himself ran it up to hundreds; his son, who succeeded him, ran it 
up to thousands, After a while Struve, who had charge of the 
great refractor at Dorpat, gave his whole observing energy to this 
one department of the heavens, and the result has been that he 
has published a catalogue, in some sense, almost without number, 
of these double stars, which exist strewn richly throughout the 
regions of space. 

Now, we find, after a rigorous examination of these double stars, 
that it is utterly impossible for us to suppose that they are optically 
united, that they are accidentally so located in space that they are 
so close together as to give the appearance of union; and when we 
come to apply what is called the calculus of probabilities, we find 
a limit within which this possible optical appearance may occur, 
and everything beyond or inside of this limit must be a physical 
union. The stars are not merely accidentally located in this way; 
they are combined, the one with thé other, each energized by the 
power of gravitation, and the two revolving about their common 
center of travity. Now, this announcement which I make, extra- 
ordinary as it may appear to those who have not hitherto investi- 
gated it, has been fully carried out and verified by observation. 
We trace these revolving suns in their orbits until, under the gaze* 
of man, some of them have performed entire revolutions. Many 
others are far advanced. Astronomers have gone yet farther, and, 
applying the great law of gravitation and the laws of motion, have 
actually predicted their periods—have given us an ephemeris 
which should mark the place of these bodies in coming time, and 
these predictions have been verified, so that we have these revolv- 
ing orbs scattered throughout the heavens; some rapidly sweeping 
through space in periods shorter than the periods or revolutions of 
our own planetary orbs; others rising in grandeur and magnifi- 
cence until we find their periods reaching by possibility millions 
of years. 

Let me call your attention to a single example. There is a 
quadruple star in the constellation Lyra—two double stars—the 
periods of which have been determined comparatively, and we find 
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that one double set is revolving in this manner about the other— 
all of them sweeping through space and performing this mighty rev- 
olution in a period of not less than a million of our years. But you 
may ask me, how is it possible to decide such a question as this— 
how can it be done? First, we announce that these bodies are 
physically united, from the fact that they are all moving together 
in one common direction, with one equal velocity through space. 
I do not refer now to their movements or revolution about each 
other. I refer to a common proper motion, a sort of tie carrying 
these bodies off bodily together. It is utterly impossible that they 
should be carried off together unless they were physically united. 
They make up a mighty system, and when we come to measure the 
distance by which these bodies are severed, it is possible to de- 
termine roughly the period of revolution which must by necessity 
make up the vast time which is required for them to sweep entirely 
around, Thus we find that there is a diversity in the constitution 
of this universe, such as we find surrounding us everywhere upon 
the face of the planet that we inhabit. We may anticipate, there- 
fore, schemes and systems rising one above another, each as diverse 
from the other as are the plants and animals that grace, dignify, 
and beautify the earth. So it is in the heavens. Here we have 
bodies of all possible kinds and characters. 

If we take the teles¢ope and look out upon the universes by 
which we are surrounded, we find them diversified in every pos- 
sible way. Our own mighty Stellar System takes upon itself the 
form of a flat disc, which may be compared to a mighty ring break- 
ing out into two branches, severed from each other, the inte- 
rior with stars less densely populous than upon the exterior. But 
take the telescope and go beyond this; and here you find, coming 
out from the depths of space, universes of every possible shape and 
fashion; some of them assuming a globular form—and when we 
apply the highest possible penetrating power of the telescope— 
breaking into ten thousand brilliant stars, all crushed and condensed 
into one luminous, bright, and magnificent center. But look yet 
farther. Away yonder, in the distance, you behold a faint, hazy, 
nebulous ring of light, the interior almost entirely dark, but the 
exterior ring shaped and exhibiting to the eye, under the most pow- 
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erful telescope, the fact that it may be resolved entirely into stars, 
producing a universe somewhat analogous to the one we inhabit. 
Go yet deeper into space, and there you will behold another uni- 
verse—voluminous scrolls of light, glittering with beauty, flashing 
with splendor, and sweeping 2 curve of most extraordinary form 
and of most tremendous outlines. What is the meaning of all this? 
Nothing but the diversity with which the Almighty Architect has 
chosen to mark the superstructure by which we are surrounded. 
So that we may anticipate all the diversity that exists here on the 
earth and in the heavens beyond us in the system with which we 
are allied. 

Is it then possible for us to find a center about which the whole 
Stellar Universe may be revolving? Admitting that there be no 
central orb there, admitting that there be no grand, central, con- 
trolling* body, can we find a common center of gravity of the whole 
entire system? I doubt not that the time will come when this 
question will be answered in the affirmative. I trust the resolu- 
tion of this great problem will be contributed to by your own Ob- 

* servatory swith others that rear their summits toward the heavens, 
and from which the sentinel is looking out upon these deep, blue 
skies, marking the movements of these wondrous orbs. But a 
long time must roll away before we shall gather all the data neces- 


sary to give us the exact solution of this great problem. But a_ 


solution has been commenced; it has been attempted by one of the 
most distinguished astronomers of Europe, the successor of Struve, 
at the great Observatory at Dorpat—Maedler—who has distin- 
guished himself in the astronomy of the double stars, and who, by 
his computations, examinations, and investigations, has placed him- 
self on a level with the most distinguished men of the age. 

I speak thus highly of Maedler because his theory is not now 
adopted by the best minds of the world. They are scarcely willing 
to accept it as yet. This was true with regard to the theory of Sir 
William Herschel, when he announced that there was a point 
toward which the solar system was sweeping in space, and he be- 
lieved that he had found it. Years, scores of years rolled away 
before this was received, but it was a pioneer announcement— 
the announcement of a brave, bold, and daring mind, one that 
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dared to speak, no matter whether the world listened or not; and 
now we see the result. Then this German astronomer, in the 
service of the Emperor of Russia, dared to put forth this grand 
conception of his; whether it be sustained or not, is a question 
which posterity has to resolve. 

Let me give you some of the train of reasoning which he adopted 
in attempting to fasten the point about which the whole Stellar 
Universe is revolving, and our own sun among the number. First, 


_ then, the Herschels have revealed to us the figure of the great 


stellar stratum to which we belong. We know that the stars are 
condensed in a certain plane, which we call the Galactic Circle. 
They are more numerous there; they are nearer together there, 
and heavier, in some sense, when you come to take the mass with- 
in a given area, than you find in any other region. Now suppose 
this to be that plane. As we rise above it, toward the North, the 
stars grow fewer in number in a given space; they are more widely 
separated from each other, in some sense, and the stratum is com- 
paratively shallow in that direction, as it is down below, toward 
the South. We are now enabled to determine the position of our 
own sun in this stratum, and we find it comparatively central in 
its location, and that we are nearer to the South than the North. 
Now, if this be true, we may anticipate that the center of gravity 
will lie toward the North. I have already announced that we have 
determined the direction of solar motion precisely. If we sweep a 
circle perpendicular to this plane round the whole heavens, some- 
where in the region of this circle we may hope to find the center 
about which our own sun is revolving, and if we find this center, 
it is the common center of gravity of the entire scheme of stars. 
Such was the nature of the research which first guided Maedler 
in his examinations. He began by looking at various large stars 
in the heavens. His approximate observations led him to the re- 
gion of the constellation “Taurus.” THe first commenced by sup- 
posing that by possibility the brilliant star in the eye of the Bull 
—‘ Aldebaran”—might be the central sun, but a rigorous exami- 
nation soon demonstrated that this could not be so. He then 
looked a little farther toward the South, and there he beheld that 
mighty and beautiful cluster of stars which we call the Pleiades. 
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Seven of them are visible to the naked eye; but when we turn the 
telescope upon this cluster, we find hundreds coming up to greet 
the vision of man, presenting one of the most beautiful and mag- 
nificent spectacles that is to be found in the whole heavens. Here 
is, then, a vast multitude of clustering worlds, and in the center of 
this cluster a bright and brilliant star, named by astronomers Al- 
¢gyone. Maedler thought that by possibility this might be the cen- 
ter. How should he then undertake to verify the truth of this 
hypothesis? He began by a critical examination of what is called 
the proper motion of all the stars composing this cluster—all of 
them that had been mapped down; and it happened fortunately 
that this particular cluster had engaged the attention of Bessel, 
with his great heliometer. Many years before, he had fastened the 
places of some fifty or sixty with wonderful delicacy and precision, 
and by comparing Bessel’s observations with those of other astron- 
omers that preceded him, and of others that followed him, it be- 
came possible to determine the ‘am sunt of proper motion belonging 
to each and every one of these sta: i; Now, when the proper mo- 
tion is examined, it is found to be «almost identical for every one 
of them. Here is a most remarkable fact. Suppose these stars 
not to be associated in any specific manner; suppose them to be 
grouped together by chance, if you.please. Why should they, in 
consequence of the movement of our own sun through space, all 
of them appear to sweep away together? This is utterly and ab- 
solutely impossible in one sense, unless you suppose them all to be 
crowded and condensed together, so as to become, in some sense, a 
solitary body. 

It is just as if you were sweeping along the line of a railway, 
and should see far off in the distance a little cluster of trees, By 
comparing their places with some more remote object, they might 
all appear to move together toward you. But suppose this cluster 
of trees should be expanded, separated, severed, and swept out to 
greater distances; then, you perceive the motions would be all dif- 
ferent. Fixing your eye upon a distant object, one of these trees 
would move with a certain velocity, and another with a different 
velocity, and another with a still different velocity. And so in 
sweeping out the telescopic ray to this mighty cluster of stars 
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in the Pleiades, they ought to appear to change; they ought to 
seem to sever, the one from the other, if it be only occasioned by 
the fact that they are located in a sort of line in this way, some 
near to us, some in the center,.and some more remote. They do 
not thus exhibit themselves to the eye of man. + Their proper mo- 
tions are all the same. 

Now, if Maedler adopted the idea or hypothesis that here was the 
center of gravity of the universe, he could then commence a train of 
reasoning to verify the hypothesis. If this be the center, then our 
own sun is sweeping around that center, and the stars on the 
hither side will appear fo move in a certain direction; the stars 
‘beyond will appear to move in a certain other direction ; the stars on 
the outside of the sun’s mighty orbit in opposition to it will appear 
to move in a certain direction; and the stars that, so far as our 
own sun is concerned, happen to occupy that circle perpendicular 
to the line of the motion of the sun, will have a certain direction 
of motion. 

Now, it had been shown in a paper of extraordinary interest and 
very profound investigation, that a large number of the conditions 
required to make this hypothesis the true one are verified by the 
examinations of the telescope. I do not pretend to indorse the 
theory of Maedler with reference to his central sun. If I did in- 
dorse it, it would amount simply to nothing at all, for he needs no 
indorsement of mine, But it is one of the great, unfinished prob- 
lems of the universe which remains yet to be solved. Future 
generations are to take it up. Materials for its solution are to 
accumulate from generation to generation, and possibly from 
century to century. Nay, I know not but,thousands of years will 
roll away before the slow movements of these far distant orbs 
shall so accumulate as to give us the data whereby the resolution 
may be absolutely accomplished. nt shali we fail to work be- ° 
cause the end is far off? Had the old astronomer that once stood 
upon the watch-tower in Babylon, and there marked the coming 
of the dreaded eclipse, said: “I care not for this; this is the 
business of posterity; let posterity take care of itself; I will 


make no record ;” and had, in succeeding ages, the sentinel in 


the watch-tower of the skies said, “I will retire from my post; 
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I have no concern with these matters, which can do me no good; 
it is nothing that I can do for the age in which I live’—where 
would we have been to-night? Shall we not do for those who are 
to follow us what has been done for us by our predecessors? Let 
us not shrink from the responsibility which comes down upon the 
age in which we live. The great and mighty problem of the uni- 
verse has been given to the whole human family for its solution. 
Not by any clime, not by any age, not by any nation, not by any 
individual man or mind, however great or grand, has this won- 
drous solution been accomplished, but it is the problem of hu- 
manity; and it will last as long as humanity shall inhabit the 
globe on which we live and move. (Applause.) 

I have been laboring myself to contribute my mite toward the 
resolution of this grand problem. Will you bear with me while I 
advert to some personalities in my own history, which are, in some 
sense, drawn from me by necessity, in connection with this dis- 
cussion ? 

When the Observatory in Cincinnati was erected, when the debt 
which devolved upon me as an individual was finally paid off, the 
hope I had of sustaining the institution in connection’ with the 
college with which I was allied was, in a single hour, utterly de- 
stroyed forever. Fire seized the college-building, and in an hour 
all lay in ruins, The foundations of my hopes were swept away. 
What was then to be done? Give up the Observatory? That 
could not be done. I had no means; I had to depend upon my 
professorship. Everything I had in the world had been used up in 
accomplishing the building of this institution ; and the only chance 
left me was the very one I am using to-night—to attempt to give 
popular lectures to sustain myself and the institution. And from 
that day to this I have sustained that Observatory by my lectures; 
and all the funds derived from the one I am giving to-night go at 
once into that treasury. (Applause.) I saw at a glance that I 
had no opportunity of attempting to carry forward a regular course 
of astronomical observations on a scale such as marks the move- 
ments of the great Observatories of the world. I could not come 
in competition with national institutions, endowed by the strong 
and bottomless purse of a government, imperial, kingly, or repub- 
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lican. I was but a solitary individual. I looked over the whole 

field of Science, and I finally resolved to enter the most forbidding 

field which presents itself to the mind of any one who devotes 

himself to the stars. It was nothing more nor less than to attempt 

to perfect the observations whereby we get the data for resolving 

all the problems by which we are surrounded, and to obtain greater 

rapidity and facility in making observations. I have been devoting 

myself to this one object for ten long years. What I have done I- 
shall not speak of, except in its connection with the future move- 

ments of astronomical observations. 

We have converted time into space; this was the first grand 
‘accomplishment. A second of time by the old method was marked 
out by the beats of a clock. When the observer desired to fasten 
the precise moment at which his star crossed the meridian wire of 
the telescope, fixing his eye upon the star, with his ear he took up 
the beat of the clock. This was the exact order of observation. 
He commences his count—“ Five, six, seven, eight, nine;” and 
between “nine” and “ten” the star passes the meridian wire. 
He divides the space over which the star appears to pass in a - 
second of time into ten equal parts, as nearly as he can, and enters 
in his note-book that the star passed the meridian wire at so many 
hours, so many minutes, so many seconds, and so many tenths. 
That was the old method. If the astronomer were called upon to 
mark the passage upon many wires, as is often done in a transit 
instrument, when he shall have obtained the passage of the first 
wire, he stops and enters it in the note-book. He must keep the 
count of the clock, and he must keep his eye upon the star; 
and his attention is divided between a variety of ebjects. 

Now, by the new method, the clock records its own beats, takes 
care of itself; and the astronomer has nothing to do with it. An 
electro-magnet under the control of the pendulum of the clock 
(which by its motion, swinging backward and forward, moves a 
delicate wire upon an axis. so as to dip it at eyery swing into a cup 
of mercury, and close the circuit) brings a point down, and strikes 
a dut upon the dise revolving with uniform velocity to meet it; so 
that at the end of every second a dot is struck upon this disc ; and 
thus, dot by dot, every second of time is formed into space. 
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Then, taking up the micrometer, we may cut the intervals between 
the dots into ten thousand parts; and thus we divide them down 
to any degree of exactitude we may demand. 

When this great experiment was made in the outset, I attempted 
to unite this little piece of revolving wire, moving up and down, 
with the telescope, by some material sufficiently delicate and per- 
fect to accomplish the result. I found it next to impossible to get 
any material which would answer the purpose. So delicate had 
the wire to’ be, that a single fiber or filament of silk, or a single 
human hair as fine as ever graced the head of beauteous maiden, 
was all too coarse for this purpose. It had not the requisite 
spring for such a delicate movement; and when this point dipped 
into the mercury it rebounded, and there were several touches 
instead of one. At length I went again to my old friend the 
spider, and asked him to aid me in this dilemma. I spun from him 
a web, which for three long years in every second of time was 
expanded and contracted, and performed the mighty servite of 
uniting literally and absolutely the heavens with the earth. (Great 
applause.) i 

Now,:- what is the new method of observation? When the star 
enters the field of view, the observer, located at his transit instru- 
ment, has near him a magnetic key, such as belongs to all the tele- 
graphic offices in your city. That key being struck, brings down 
a pen-point by the action of electro-magnetism. Here [illustrat- 
ing] is the revolving disc; here the steel point; and when the key 
is touched, down comes the point, and striking upon the disc re- 
bounds instantly, and the disc moves on uninterruptedly ; and thus 
you have time, from second to second, converted into space upon 
the circumference of the disc. When one circumference of the 
disc is full, the disc moves itself on a little railway track just far 
enough to present a new circumference for another line of dots; 
and when the disc is filled, you have a perfect time-scale, absolute 
in its character, on which the clock, by automatic power, has re- 
corded its own beats, and made a perfect record of itself. On that 
disc, by another magnet, another point is drawn down, and strikes, 
at the will of the observer, the precise moment at which he marks 
the transit of the star across his meridian wire; so that all he has 
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to do is this: Take his place at the telescope, watch the coming of 
the star, pay no attention to the clock (for that takes care of it- 
self), and at the exact instant at which his eye catches the bisection 
of the star by the wire, touch the key, and the record is made, and 
all is done. Thus you perceive that, by this new method, the as- 
tronomer is relieved from a large amount of intense responsibility 
resting upon him by the old method, wearing out his nerves, de- 
stroying his system, and rendering him, at the end of a certain 
time, incapable of continuing his observations. Another advantage 
gained, is that we may introduce as many wires as we please upon 
which to mark the transit of the stars, and thus reduce our obser- 
vation to as great a degree of precision as we may desire. By the 
old method, remember, the observer is compelled to stop after the 
passage of one wire, and record the observation; and while he is 
doing that, the star is going on. By the new method, he has noth- 
ing to do but to touch a key, and the observation is recorded. Such 
is a reugh outline of this new method of astronomical observation. 
So perfect is this method, that we read from the dise with the ut- 
most possible facility ; and we have conducted this examination in 
such a manner that now the thousandth part of a second is a quan- 
tity of time which we appreciate and employ every day. 

If you will permit me, I will continue for a few moments longer 
to give you some of the details with regard to these new methods. 
Soon after the application of these new methods, it was manifest that 
we could, by the magnetic telegraph, determine the difference of 
longitude between two places with wonderful precision. Here is 
one of the greatest triumphs of modern science. When we reflect 
upon the results reached by the telegraphic communication be- 
tween distant points in the determination of longitude, it seems 
positively as though modern science and skill paid no longer any 
attention to time; that it just crushed, crowded, and condensed a 
hundred years into a single hour! And it has beendone. You go 
now and examine and determine the difference of longitude be- 
tween the great Observatory of Paris and that of Greenwich, and 
you will find that by the telegraphic method, by these new means, 
we get better results in a single hour of one night than had been 
reached .by all preceding time, although they had worked for two 
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hundred years. So you perceive that in this particular depart- 
ment of Astronomy, in linking together the different observatories 
of the world, we have now an advantage that no old astronomer ever 
possessed. I myself have been somewhat engaged in this kind of 
work. The process is so exceedingly simple that I believe this entire 
audience will go with me and understand it without any difficulty. 

Suppose the object were to determine the difference of longitude 
between this city and Philadelphia. The city which is farthest 
east will have a meridian such that the star will cross earlier than 
in the western one. Now, suppose the two observers are in tele- 
graphic communication, and that there is a disc at each extremity 
receiving clock-beats. The observer in New York signalizes his 
friend in Philadelphia, and says, ‘‘The star is coming up to New 
York—look out!” and standing by the telegraph, the instant the 
star passes his meridian, he strikes the magnetic key, and the mo- 
ment it is recorded on his dise it is recorded in Philadelphia. Then 
the Philadelphian waits until the star comes into his field of view, 
and he signalizes his friend in New York that the star is in the 
field of view; and the moment the transit occurs, he strikes the 
key, and the record is made. The interval of time between the 
two records is the difference of longitude. The process is perfect- 
ly simple; there is no sort of difficulty about it; you all compre- 
hend it. (Applause.) 

There are now two delicate questions yet to ask. The difference 
of longitude is actually obtained upon the supposition that all is 
perfect, and that this swift-winged messenger, the lightning, has 
flashed from one point to the other with infinite velocity. If it do 
not travel with infinite velocity, if it has lagged at all by the way, 
in communicating the messages, that amount of error will be en- 
tailed upon the result. Then it becomes necessary to investigate 
the great problem—With what velocity does the electric current 
flash along the wire? 

I have had the opportunity of investigating this problem myself. 
I worked at it with an intensity of interest which you can scarcely 
comprehend, alone as I was—buried, in some sense, in a wil- 
derness—with no one to sympathize with me in these strange in- 
vestigations, I succeeded, however, in surrounding myself with a 
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number of assistants who took a deep interest in this matter. I 
secured a telegraphic communication of wire entirely around from 
Cincinnati to Pittsburg and back again, in order to determine 
whether electro-magnetism accomplished the circuit of 607 miles 
of wire instantaneously, or whether it took some time. My disc 
was prepared, and the clock-beats were being received upon it. I 
arranged in such a manner that two pens should record upon a 
metallic dise by steel points, by the most delicate dots imaginable, 
the time for the passage of the electric current. Then I prepared 
inside the Observatory a short circuit of six or eight feet of wire, 
and to that battery I gave the identical intensity which belonged 
to the battery for the long circuit. I then arranged in sueh a 
manner that I could interchange these two points with each other, 
making one move with the long circuit and the other with the 
short, at pleasure. Having arranged the whole apparatus, I 
watched with the deepest interest to see whether the clock-beats, 
as recorded by the two pens upon the disc, would fall at the same 
moment of time, or whether an interval would exist which the eye 
or the ear could detect. But when the pens fell, it wanted a 
keener and sharper ear than mine to detect any difference. I then 
looked to see whether the dots struck were in a straight line radi- 
ating from the center of the disc; but with the most rigorous ex- 
amination I could make, I could discover no difference. I was 
compelled to restrain my curiosity until the night should pass and 
the daylight come again. Then, with an instrument constructed 
for the purpose of measuring the thousandth part of a second, I 
measured the interval between the two dots—those struck by the 
long, and the others by the shoré circuit. I found invariably the 
same result in more than a thousand observations. 

How much time do you suppose it tcok the electric current to 
flash around the 607 miles of wire? I give you my own result. I 
divided a second into one thousand equal parts; and that journey 
was performed in twenty-one of those parts—in twenty-one thou- 
sandths of one second of time. (Applause.) 

But there is another difficulty in this process, grow ing out of the 
fact that the observers who make the record, who send the signals, 
who make the observations, may be different men. They must be 
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different men. (Laughter.) But they may differ literally and ab- 
solutely in their physiological organization; and we must take this 
into account, and investigate it and determine it, before we can 
reach absolute correctness. Can this be done? Let.me explain 
this matter; it is perfectly simple. 

Suppose this entire audience were here now in utter and abso- 
lute darkness, and each held in his hand a magnetic key ready to 
touch it at the moment that I flash upon you a flash of lightning, 
and on one of these revolving discs each and every one of you 
could record the precise moment at which you perceive the coming 
of this flash. Strange as it may appear, it would be found that 
each one makes a different record; and if you try it a thousand 
times, each of you will find out the peculiar organization inside—a 
sort of curious spiritual daguerreotype of what you are on the in- 
side—how you are made up—and you will all be different; but the 
most remarkable fact is, that you will differ from what you were 
an hour ago! (Applause.) That is not an uncommon thing in 
these days, to differ in a single hour. (Laughter.) 

This fact of constitution is what we call personality. When the 
difference between two individuals has been determined, we call it 
a Personal Equation. (Laughter.) What is the meaning of this? 
Suppose the Philadelphia observer is so constituted that he sees 
the star cross the wire a tenth of a second earlier than his corre- 
spondent in New York; then we must allow for that difference of 
atenth of a second. You may say, ‘‘ What is the use of talking 
about the tenth of a second ?—that is nothing.” It is nearly an 
age in astronomy! One tenth of a second of time! Why, con- 
verted into space, it is one and a half seconds of an are! ‘ What 
is that?” I tell you it is five-fold greater than the parallax of 61 
Cygni, which we have been compelled to determine in order to 
ascertain the distance of those revolving suns. Think you that 
we are to neglect the tenth part of a second? I tell you if we can 
not measure below the tenth part of a second, and drive our errors 
out of the tenths into the hundredths, and out of the hundredths 
possibly into the thousandths, we may as well stop observing, for 
we have already rough data enough! (Applause.) 

Now, is it possible to determine the “ personality” of each indi- 
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vidual? I have finally succeeded in making a piece of machinery 
of delicate character which enables me to measure the “ person 

ality” of any individual, in a single minute of time, by his making 
certain observations. Permit me to explain this. Suppose this 
disc was revolving with uniform velocity. Now, on the edge of 
the revolving disc I place say ten vertical wires about an inch in 
length, so that they may be readily distinguished. That disc re- 
volving, immediately behind any local, fixed position there will be 
a dark line just as broad as the diameter of the wire; and you 
yonder, looking at the moving body, with a key in your hand make 
the circuit of a battery such that the electro-magnet shall re- 
cord the moment at which you see the passage. If that same wire 
is made, by dipping into a cup of mercury, to make a connection 
with the battery and record its own passage, the difference between 
its record and your own will be your peculiarity; and your person- 
ality thus comes out beyond any question. (Laughter.) In other 
language, if I can make the star which crosses the wire in the field 
of the telescope record the moment of its passage, and you do the 
same, the difference between the two records will be your personal 
equation. 

This has been accomplished; but you can form no conception of 
the amoant of time which has been devoted to it. I have studied 
upon this alone for three long years. ‘This and other experiments 
which I have made in this connection have amounted to more than 
one hundred thousand. J know that they are nearly all to be 
thrown away. «They are but the center of the mighty arch and 
dome which we have been attempting to rear; and when the su- 
perstructure is up and the keystone placed, we shall knock away 
the center, and there the work shall stand as long as time shall 
last. (Applause.) 

I can not detain you to speak of the other departments of astro- 
nomical observation, to whieh I have given much attention. Suf- 
fice it to say, we are now recording the places of the stars in our 
Observatory with a rapidity and accuracy I think hitherto unheard 
of. The observer takes his place at the telescope. An assistant 
is located in such a manner as to read the difference of north polar 
distance between any assumed standard star and the stars whose 
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places are required, and just as fast as the stars can come into the 
field of view we find it possible to mark their places, and fix their 
position, and catalogue their magnitudes and peculiarities. Thus 
we are sweeping a zone of five degrees in width with an accuracy 
and precision equal to that of micrometric work. How many 
stars, think you, we are thus enabled to mark down in a single 
minute of time? I have taken that group of the Pleiades, and in 
five minutes I have fastened the places of from thirty to forty stars. 
In a single hour, in the richer portions of the Milky Way, in a 
zone of a single degree in width, I have recorded the places of 
more than one hundred stars. I hope, therefore, that the time is 
coming when the stars can not take refuge in their numbers and 
distance, and defy the power of man to dislodge them from the 
high concave in which they are entrenched. We shall grapple with 
them there; we shall hunt them down; we shall record their 
places; we shall number them as they come out from the depths 
of heaven under the penetrating gaze of the great telescopic eye 
which man has turned toward the stellar sphere! Will you do 
your part in this grand work? Are you ready to begin? Are 


.you prepared to give a helping hand to the sentinel who gives his 


time, his talent, and all that he has on earth, to this grand ‘and 
magnificent investigation? | 

Now, my friends, I must close this long course of lectures. We 
have passed from planet to planet, from sun to sun, from system to 
system. We have reached beyond the limits of this mighty 
stellar cluster with which we are allied. We have found other 
island universes sweeping through space. The great unfinished 
problem still remains—Whence came this universe? Have all 
these stars which glitter in the heavens been shining from all 
eternity? Has our globe been rolling around the sun for ceaseless 
ages? Whence, whence this magnificent Architecture, whose 
architraves rise in splendor before us in every direction? Is it 
all the work of chance! I answer, No. It is not the work of 


, chance. Who shall reveal to us the true cosmogony of the uni- 


verse by which we are surrounded! Is it the work of an Omni- 
potent Architect? If so; who is this August Being? Go with me 
to-night, in imagination, and stand with old Paul, the great 
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Apostle, upon Mars’ Hill, and there look around you as he did. 
Here rises that magnificent building, the Parthenon, sacred to 
Minerva, the Goddess of Wisdom. There towers her colossal 
statue, rising in its majesty above the city of which she was the 
guardian—the first object to catch the rays of the rising, and the 
last to be kissed by the rays of the setting, sun. There are the 
temples of all the gods; and there are the shrines of every divin- 
ity. -And yet I tell you these gods and these divinities, though 
created under the inspiring fire of poetic fancy and Greek imagin- 
ation, never reared this stupendous Structure by which we are 
surrounded. The Olympic Jove never built these heavens.. The 
wisdom of Minerva never organized these magnificent systems. 
I say with St. Paul: “Oh, Athenians, in all things I find you too 
superstitious; for, in passing along your streets, I find an altar 
inscribed, To the Unknown God—Him whom ye ignorantly wor- 
ship; and this is the God I declare unto you—the God that made 
heaven and earth, who dwells not in temples made with hands.” ‘ 

No, here is the temple of our Divinity. Around us and above 
us rise Sun and System, Cluster and Universe. And I doubt not 
that in every region of this vast Empire of God, hymns of praise 
and anthems of glory are rising and reverberating from Sun to 
Sun and from System to System—heard by Omnipotence alone 
across immensity and through eternity! (Great applause.) 
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(2 THE BEST SYSTEM OF SHORTHAND EVER DEVISED MAY BE 
LEARNED, WITHOUT A TEACHER, From 


i GRAHAM'S HAND-BO0OK OF STANDARD PHONOG- 
RAPHY.” 





Turs book presents every principle of every style of this useful art— 
commencing with the analysis of words, and proceeding to the most 
rapid reporting style—in such a Form and Manner, with such Fullness 
of Explanation, and Completeness cf Illustration, and with such other 
features as to fully adapt the work to the use of Schools and to Self- 
fustruction. By Anprew J. Granam, Conductor of the Phonetic 
Academy, New York; and Author of “ Brief Longhand; A System of 
Longhand Contractions and Expedients”—‘* A System for the Rapid 
Expression of Numbers”—etc. Price—ivune in Muslin, with embossed 
side-title, $1 00; post-paid, $1 25. With splendid gilt side-title and 
} marbled edges, $1 25; post-paid, $1 50. For sale by ANpRew J. 

GRAHAM, (Room 26 Appleton Building) 348 Broadway, New York. 


“The usefulness of Shorthand is not confined to any particular science or profes- 
s‘on, but is universal.”—Dr. Joknson.—* Phonography is a railroad method of 
communicating thought.”—Rev. Dr. Raffles. “ Job Orton, of honored n:emory, 
in his celebrated Letters, often thanks God for the discovery of Sorthand, and we 
not seldom echo the grateful aspiration.”—Lev. Dr. Campbell—— In my own expe- 
rience I have derived far greater advantages from Phonography, in ihe saving of 
time, than I have from the railway and telegraph together."—C. Huicards Lester. 
——*‘“ Phonography should be taught in the common schools, as one of the best pos- 
sible aids in obtaining a subsequent education.”—Rev. Thomas Iill.——‘* I do not 
know of any one branch of knowledge which will so surely lead to immediate, per- 
manent, and respectable employment. It is to any youth who may possess the art 
{Phonography], a capital of itself, upon which he may confidently rely fur sup- 
port.”"—St. Geo. Tucker Campbell—“ I deem Phonography, when thoroughly 
learned an invaluable adjunct to education, and one which, when acquired iz youth, 
“ would not be parted with in manhood for thousands of dollars.”—Dr. Jas. W. Stone. 
-—* Exeenting the simple branches of reading, writing, and arithmetic, there is 
notning taught in our public schools so useful to a business man as Phonography.” 

™ J — Geo. H. Earle, Counselor at Law.—*“ Such of cur atnderts as have made Pho- 
. nographic Reporting a profession, have got along in life faster by all odds than 
those in any other kind of business, and that without the possession of any specia} 
brilliancy of talents.”—Jno. S. Hart, Principal of the Philadelphia High School, 
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“ A creator—a prodigious genius.”— Victor Hugo. 
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’ 


“ Cooper, whose name is with his country’s woven, 
First in her files, her pioneer of mind,”—Ha.ueck. 


The Publishers have just ready a new and elegant Edition of Cooper’s 
Novels, Illustrated on Steel and Wood, in astyle superior in beauty and cost- 
liness to anything ever issued in this country, from designs by the unap- 
proachable Darley. 


The issue of the Volumes will commence February 1859. 
A Volume published every Month. 





“The most original writer America ° 


W. A. TOWNSEND & Co. Publishers. 
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“The Empire of the Sea has been conceded to him.”—Zdinburgh Review. 
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“While the love of country continues, his memory will exist in the hearts of the people.”—DanrEL WEBSTER. 


‘“* Cooper emphatically belongs to the nation.”—WasHINnGTon IrvING. 








The Works of the Greatest American Novelist 


ILLUSTRATED BY THE 


GREATEST AMERICAN ARTIST! 
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ILLUSTRATED EDITION 


COOPER’ NOVELS, 


WITH DRAWINGS ON STEEL AND WOOD, 


Bz =. ©. CC. DARE ST. 


he Most Magnificent Enterprise of the Day. 


The Publishers have the pleasure of announcing the publication of an 
entirely new edition of COOPER’S NOVELS, containing the latest im- 
provements and revisions, printed on superfine cream tinted and calendered 
paper, from the most perfectly formed type, in a large Crown Octavo page, 
elegantly bound in embossed Cloth, with bevelled edges, and Ilustrated 
with designs on wood, and vignettes on steel, executed with Bank Nore finish, 
in Line and Etching, from drawings by DARLEY, that great master of design. 
In elegance, beauty and artistic finish this series will be the most perfect pub- 
lication ever issued in this country. 

To Americans the name of Cooper is endeared az being the creator of a 
distinctly original class of Fiction, so strictly national in its character, and so 
finished in the vividness of its execution as to have marked its author as the 
proud compeer of the highest names in the list of European Novelists; and 
in view of the wide og of these novels, the publishers have prepared 
this splendid NATIONAL EDITION, worthy of the author and his fame, and 
illustrated by an artist of congenial genius, who for years has made the pages 
of Cooper a study, and whosc drawings have been conceived in a spirit and 
with a breadth and power worthy of his author. As a National Literary 
Enterprise combining the productions of & great national author with those of 
a great national artist, and issued with commensurate elegance, this edition 
of Cooper, the publishers believe, will receive the support and approval of the 
American public. 

The Publication to commence February ,1859, a volume issued monthly ; 
each volume will contain a Novel complete, crown octavo, averaging 500 
pages each; Published by subscription, at $1 50 per vol. 


W. A. TOWNSEND & Co., Publishers. 
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‘“‘ His writings are instinct with the spirit of nationality.”—W. H. Prescort. 
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WORKS ON ASTRONOMY. 


Published by HARPER & BROTHERS, Franklin Square, N.Y. 





Harper & Brotuers will send either of the following works by mail, 


Bi. paid, (for-any distance in the United States under 3000 miles).on re- 


ceipt of the money. 


% 
PRACTICAL ASTRONOMY. | 
An Introduction to Practical As 
tronomy, with a Collection of Astronomi- 
cal Tables. By Extas Loomis, LL.D., Pro- 
fessor in the N. Y. University, 

497, Sheep Extra, $1 50. 

This work furnishes a description of the in- 
struments required in the outfit of an ob- 
servatory, as also the methods of employing 
them, and the computations growing out of 
their use. It treats particularly of the Tran- 
sit Instrument and of Graduated Circles; of 
the method of determining time, latitude, and 
longitude; with the computation of eclipses 
and occultations. The work is designed for 
the use of amateur observers, practical sur- 
veyors, and engineers, as well as students who 
are engaged in a course of training in our col- 
leges. ‘The tables which accompany this vol- 
ume are such as have been found most use- 
ful in astronomical computations, and to them 
has been added a catalogue of 1500 stars, with 
the constants required for reducing the mean 
to the apparent places. 


RECENT PROGRESS of ASTRONOMY, 
Especially in .the United States. 
By Eu1as Loduis, LL.D. A thoroughly re- 
vised. Edition. Illustrations, 12mo, Mus- 

lin, $1 00. 

This volume is designed to exhibit, in a 
popular form, the most important astronomi 
cal discoveries of the past ten years. It treats 

articularly of the discovery of the planet 
Neptune, of the new asteroids, of the new 
satellite, and the new ring of Saturn, of the 
great comet of 1848, Biela’s comet, Miss Mitch- 
ell’s comet, &c.; of the parallax of fixed stars, 
motion of the stars, resolution of the nebule, 
&c.; the history of American observatories, 
determination of longitude by the electric tel- 

ph, manufacture of telescopes in the 
Tnitea States, &e. 


ee ASTRONOMY. | } 

tters on Astronomy, in which 
the Elements of the Science are familiarly 
explained in connection with Biographical 

Sketches of the most eminent Astronomers. 

With numerous Engravings. Revised Edi- 

tion, including the latest Discoveries. 12mo, 

Muslin, 75 cents. 

The name of Professor Olmsted is at once 
associated in the mind of every one who hears 
it with such objects as that of which this 
work treats, It is in the form of letters—a 
mode of conveying instruction which, when 
well followed, as in this case, possesses pecu- 
liar advantages. ‘his work, whether used as 
an elementary one by beginners, or as a “re- 
fresher” by adults, is one of the best which 
has ever been published in this country. 


DICK’S ESTIAL SCENERY. 

Celestial Scenery; or, ‘The Won- 
ders of the Planetary System displayed ; 
illustrating the Perfections of Deity, and a 
Plurality of Worlds. By Tuomas Dick, 
LL.D, Engravings. 18mo, Muslin, 45 cts, 


8vo, pp. 








This work is designed as initiatory to the 
sublime study of Astronomy; the author's 
aim has been to ayoid entering on the more 
abstruse and recondite portions of the science, 
and to confine the attention of the reader to 
the exhibition of fucts, the foundation on 
which they rest, and the reasonings by which 
bow d are supported. All the prominent facts 
and discoveries connected with descriptive 
astronomy, in so far as they relate to the 
planetary system, are here recorded, and 
many of them exhibited in a new point of 
view; while several new facts and observa- 
tions are detailed which have hitherto been 
unnoticed or unrecorded. 


DICK’S SIDEREAL HEAVENS. 

The Sidereal Heavens, and other 
Subjects connected with Astronomy, as il- 
lustrative of the Character of the Deity, and 
of an Infinity of Worlds. By Tuomas 
Dick, LL.D. Engravings. 18mo, Muslin, 
45 cents, 

In the present volume the author has 
grouped together and presented in @ popular 
and intelligible manner the great leading facts 
connected with a survey of the sidereal heav- 
ens, s0 that those who possess little or no 
knowledge of mathematical science may ea- 
sily Meee oa his details. As in his pre- 
vious writings, the author has embodied with 
his descriptions such remarks and moral re- 
flections as were naturally suggested by the 
grandeur of his subject. 


DICK’S PRACTICAL ASTRONOMER. 

The Practical. Astronomer; ¢com- 
prising Illustrations of Light and Colors, 
practical Descriptions of all Kinds of Tele: 
scopes, the use of the Equatorial Transi 








Circular, and other Astronomical Instru 

ments, a particular Account of the Earl 

Rosse’s large Telescopes, and other Topi 

connected with Astronomy. By Toma 

Dick, LL.D. Illustrated with 100 Engrav 

ings, 12mo, Muslin, 45 cents. 

An extremely interesting, valuable, an 
useful book. It is a treatise on the properti 
of light; and the author, in his usual cle: 
style and pleasant manner, discusses the gen- 
eral qualities of light, its refraction, its colors, 
&c, The volume contains a particular ac- 
count of Lord Rosse’s mammoth telescope, 
and a description of the various astronomical 
instruments now in use The title of the 
book, indeed, gives an excellent idea of its 
scope and character. It is one of the most 
useful volumes, for practical use, extant. 


WHEWELL’S ASTRONOMY and GEN- 
ERAL PHYSICS, 


Considered with reference to Na- 
en Sher. 12mo, Muslin, 50 cents. » 
The distinguished reputation of Professor 

Wheweli was materially extended by the 

es of this beautiful treatise, which 
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The Publishers have the ” asure of announcing the publication of an 
entirely new edition of COOPER'S NOVELS, containing the latest im- 
provements and revisions, printed on superfine cream tinted and calendered 
paper, from the most perfectly formed type, in a large Crown Octavo page, 
elegantly bound in embossed Cloth, with bevelled “edges, and JI'y istrated 
w ith designs on wood, and vignettes on steel, executed with Bank Nore finish, 
in Line and Etching, from draw ings by DARLEY, that great master of design. 
In elegance, beauty and ariistic finish this series will be the most perfect pub- | 
lication ever issued in this country. | 

To Americans the name of Cooper is endeared as being the creator of a | 
distinctly original class of Fiction, so strictly national in its ‘characte r, and so | 
finished in the vividness of its execution as to have marked its author as the 
proud compeer of the highest names in the list of Earopean Novelists; and | 
in view of the wide popularity of these novels, the publishers have prepared | 
this splendid NATIONAL EDI’ TION, worthy of the author and his fame, and 
illustrated by an artist of congenia! genius, who for years has made the page s | 
of Cooper a study, and whose drawings have been ‘conceived ina spirit and | 
with a breadth and power worthy of his author. As a National Literary 
Enterprise combining the productions of a great national author with those of 
a great rational artist, and issued with commensurate elegance, this edition 
of Cooper, the publishers believe, will rece ive the support and approval of the 
American ‘public. 

‘The Publication to commence February ,1859, a volume issued monthly ; | 
cach volume will contain a Novel complete, crown octavo, averaging 500 
pages each; Published by subscription, at $1 50 per vol. 
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ASTRONOMICAL SERIES. 
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Mattison’s Primary Astronomy. 
For Schools and Families; adapted to the capacity of Youth, and illus- 


trated by nearly Two IIundred Engravings. By Hiram Mattison, A.M., Professor of Na- 
tural Philosophy and Astronomy in the Falley Seminary; Author of “ High School As- 
tronomy,” ete. 


168 Pages Large 18mo. Price 40 Cents, 


This is an admirable first book in Astronomy. It is arranged in the form of questions and 
answers, with numerous explanatory notes. By the aid of its very numerous and finely exe 
cuted illustrations, every thing is made plain, and most interesting, even to younger pupils. 


Mattison’s High School Astronomy ; 


In which Descriptive, Physical and Practical are combined, with especial 
reference to the wants of Academies and Seminaries of Learning. By Hiram Mattison, 
A.M., ete., ete. 

240 Pages 12mo. Price 75 Cents. 


This work is divided into three parts. After an introduction, which consists of preliminary 
Observations and Definitions, and occupies twenty pages, Part First is devoted to the Solar 
System—the Sun, Planets, Comets, Eclipses, Tides, ete.; Part Second relates to the Sidereal 
Heavens—the Fixed Stars, Constellations, Clusters, and Nebulw; and Part Third to Practical 
Astronomy—the Structure and Use of Instruments, Refraction, Parallax, ete. This depart- 
ment, so seldom introduced into text-books for schools, will be found especially interesting 
and valuable. 

Besides embracing all the late discoveries in astronomy, under a strictly philosophical 
classification, the work is thoroughly illustrated: by the introduction of diagrams into the 
pages, in connection with the text; and the adaptation throughout to the use of the black- 
board, during recitation, cannot fail to be appreciated by every practical teacher. 


Burritt’s Geography of the Heavens, 
And Class-Book of Astronomy. Accompanied by a Celestial Atias. By Ex1- 


sau H, Burritt, A.M. Greatly Enlarged, Revised, and Illustrated, by H. Mattison, A.M. 


Geography 338 Pages I2me: Atlas, Impcrial 4to, with 
9 Colored Maps. Price $1 50. 


This has long been the standard text-book in Astronomy in American Colleges and High 
Schools. Its popularity is evinced in a sale of 250,000 copies. 4 

As its title imports, it is designed to be to the starry heavens what geography is to the earth. 
Both teachers and puy''!s have found that Class Books and Maps are as indispensable to this 
department of knowle. ge, as in that of Geography; and that an artificial globe is just as poor 
a substitute in one case as in the other. Instead of the globe, and a few balls strung upon 
wires, Mr. Burritt’s book and Atlas introduces the pupil at once to the grand Orrery of the 
Heavens, and makes him acquainted with the names and positions of the bodies which com- 
pose it. He learns to locate and to classify his astronomical knowledge as he does his geo- 
graphical; and experience has proved that a child of ten years will trace out all the Constella- 
tions that are visible in the heavens, and name the principal stars in each, as readily as he will 
learn the boundaries of the States from a map, and name the cities they contain. 

It has just been entirely re-stereotyped. new maps having been added to the chart, and 
many improvements having been made, which render the work, as it stands, very complete 
in all its details. he matter has been thoroughly assorted, new topical and suggestive ques 
tions having been prepared throughout, and numbered to correspond with the paragraphs to 
which they relate. A complete list of Telescopic Objects, in each constellation, has been in- 
serted, which will greatly enhance the value of the work to all classes of students. Two en- 
tirely New Maps have been introduced into the Atlas, containing views of eighty different 
objects. 


Published by MISON BROTHERS, 
NEW YORK. 





